Background. The involvement of bacterial translocation in the pathogenesis of type 2 diabetes mellitus (T2DM) has been highlighted in recent years. The objective of the current study was to evaluate the potential impact of lipopolysaccaride-binding protein (LBP) and DNA translocation on glycemic control and progression to diabetic kidney disease in T2DM patients. Material and methods. A total of 30 T2DM patients as well as 30 controls were included in a cross-sectional observational study. Plasma LBP levels were determined using an enzyme linked immunoassay. DNA translocation was assessed using polymerase chain reaction targeting 16SrNA gene. Results. Plasma levels of LBP were significantly elevated in T2DM patients than in controls (p = 0.02). LBP level was significantly and positively correlated with fasting glucose level, glycated hemoglobin, C-reactive protein, albumin-creatinine ratio and negatively correlated with glomerular filtration rate. Receiver operating curve revealed that LBP with a cut off of 15.17 µg/mL succeeded to predict both glycemic control and diabetic kidney disease in T2DM patients. The bacterial 16SrRNA was detected in almost all blood samples of T2DM patients (28/30) and in about half (16/30) of the control group (p < 0.001). Conclusion. Translocation products could trigger diabetes related complications. Future interventional work should target these products to reverse their effects. (Clin Diabetol 2019; 8, 4: 195-204)
Introduction
Type 2 diabetes mellitus (T2DM) is a metabolic disorder characterized by hyperglycemia, insulin resistance and systemic inflammation [1] . Several life-threatening complications are associated with T2DM [1] . Therefore, understanding the possible mechanisms involved in the pathogenesis of T2DM or its complications is of great value to prevent its progression. Recent data suggests a role of the gut microbiota in the induction of systemic inflammation and consequently the regulation of glucose metabolism [2] .
Changes in gut bacteria, combined with increased intestinal permeability, stimulate bacterial translocation through the gut barrier; a previously unconsidered source of inflammation. Markers of bacterial translocation include bacterial 16srRNA DNA and lipopolysaccharide (LPS) [3] . Upon translocation into the bloodstream, LPS induces metabolic endotoxemia followed by low-grade systemic inflammation involving the release of pro-inflammatory cytokines, such as tumor necrosis factor (TNF), interleukin 1 (IL 1), and interleukin 6 (IL 6) [4] .
LPS binds to LPS-binding protein (LBP), a plasma protein synthesized mainly by the liver, which facilitates the interaction between LPS and cellular targets. Binding of LPS to LBP is the first step in an inflammatory cascade [5] .
Since LPS has a short half-life and its measurement in biologic fluids has several limitations, together with the relatively slow rise of LBP, which could serve to monitor the interaction between LPS and innate immune cells, LBP level has been suggested as a good clinical marker of effective metabolic endotoxemia [6, 7] . Several studies have demonstrated that increased circulating levels of LBP were associated with obesity, and T2DM [8] [9] [10] [11] .
An inflammatory component has been related to the complications of diabetes and diabetic kidney disease. The involvement of inflammatory process draws the attention of researchers to use immunosuppressants to prevent the development of albuminuria and kidney disease [11] .
In this context, the influence of DNA translocation or LBP concentrations on glycemic control, and on the progression of diabetic kidney disease in T2DM was evaluated in the present study.
Subjects and methods
A total of 30 T2DM patients, recruited from the Outpatient Clinic of Alexandria Main University Hospital, Egypt were included in this cross-sectional observational study. Subjects were diagnosed as having T2DM according to the report of the Expert Committee for the Diagnosis and Classification of Diabetes Mellitus [12] . Another 30 non-diabetic healthy subjects served as a control group. Patients with type 1 DM, other metabolic diseases, liver or cardiac disease, portal hypertension, infectious diseases, psychiatric problems, and hematological or malignant disease were excluded from the study. Patients on anti-inflammatory drugs as glucocorticoids or those on antibiotic therapy during the last 3 months were also excluded. None of the control subjects were under medication or had evidence of systemic or metabolic disease. An informed written consent was taken from each subject before inclusion in the study. The study was approved by the Ethics Committee of Alexandria Main University Hospital, Egypt.
All subjects were subjected to the following:
History taking and full clinical examination
Demographic data as age and sex were recorded. Body weight and height were measured using standardized methods. Body mass index (BMI) was calculated. Blood pressure was recorded.
Laboratory routine analyses Sample collection
Venous blood samples (5 mL from each patient) were collected. Sampling was done in the morning after an overnight fast. Fresh serum and plasma samples were used for chemical and hematological tests, while aliquots from frozen whole blood samples and plasma samples were stored at -80°C for PCR and LBP testing respectively.
Chemical and hematological analyses
Routine chemical and hematological tests were performed using automated analyzers. Insulin resistance was calculated on the basis of the homeostasis model assessment of IR (HOMA-IR), using the following formula: [HOMA-IR] = (fasting insulin (mU/L) × fasting glucose (mmol/L)/22.5) [13] . Glomerular filtration rate (GFR) was estimated using CKD-EPI equation [14] . Moderately increased albuminuria was defined as two positive urine samples with urinary albumin-creatinine ratio (ACR) of 30-300 in the past 3 months [14] .
Measurement of plasma LBP
Plasma level of LBP was determined by a commercially available double antibody sandwich enzyme linked immunosorbent assay (Assay kit Co., Ltd, USA) according to the manufacturer's instructions.
Detection of bacterial DNA by polymerase chain reaction (PCR)
Detection of bacterial DNA in patients' blood was performed using PCR targeting 16SrRNA gene present in all bacteria, b-galactosidase gene found in most E. coli, and glutamine synthase gene of Bacteroides fragilis (B. fragilis), using specific primers as previously described [15] .
DNA extraction from whole blood samples was done using GENEJET whole blood DNA extraction kit (ThermoFisher SCIENTIFIC) according to the manufacturer's instructions.
Each PCR reaction consisted of 12.5 µL master mix (DreamTaq Green PCR master mix (2 ×), 25 picomoles/µL of the primer to be used, 5 µL of extracted DNA and sterile deionized water to a final volume of 25 µL. PCR amplification reaction was carried out using Applied Biosystems 2720, thermal cycler in the following conditions: an initial denaturation step at 95°C for 3 min, followed by 60°C for 45 sec, and 72°C for 10 min. This was followed by 35 cycles of denaturation at 95°C for 45 sec, annealing at 60°C for 45 sec, extension at 72°C for 1 min, and finally an extension step at 72°C for 10 min. PCR products were electrophoresed on 1% agarose gels (Bioline, UK) stained with ethidium bromide.
A 100 bp DNA ladder (Thermo Fisher SCIENTIFIC) was used as a marker.
Statistical analysis
Data were analyzed using IBM SPSS software package version 20.0. Qualitative data were described using number and percent. Quantitative data were described using range, arithmetic mean, standard deviation and median. Appropriate tests were used to compare quantitative and qualitative variables between the two studied groups. For data correlation Pearson correlation coefficients was used. Receiver operating characteristics (ROC) curve analysis was done to determine the LBP cutoff point, which has the highest sensitivity and specificity. Significance of the obtained results was judged at the 5% level.
Results

Study population characteristics
The mean age of T2DM subjects was 53.3 ± 6.95 years. Twenty-two (73.3%) subjects were females and eight (26.7%) subjects were males. The mean age of the control group was 47.17 ± 11.0 with 23 males (76.7%) and 7 females (23.3%).
Comparison of clinical and laboratory parameters between diabetics and control group
The clinical and laboratory data of the study subjects are reported in Table 1 .
Results of bacterial translocation markers
When investigating bacterial translocation markers, it was revealed that the mean LBP plasma level was significantly higher in patients with T2DM compared with control group (19.25 ± 12.69 µg/mL and 13.49 ± 2.25 µg/mL respectively) (p = 0.02) as shown in Table 1 .
Regarding 16SrRNA DNA, it was found that most of the T2DM cases (28/30; 93.3%) had circulating DNA compared to about half of the control group (16/30; 53.3%), this difference was statistically significant (c 2 = 12.273 * , p ≤ 0.001) ( Figure 1) .
None of the T2DM cases or the control group was positive for glutamine synthase gene of Bacteroides fragilis, or b-galactosidase gene of E. coli.
To exclude the effect of obesity, diabetic cases were further subdivided according to BMI into obese (n = 26) and non-obese (n = 4) group. Comparison of LBP plasma level and the presence of circulating DNA between the two groups demonstrated that the mean LBP level of the obese group was 20.36 ± 13.16 µg/mL compared to 12.07 ± 6.02 µg/mL in the non-obese group, with no statistically significant difference between the two groups (Z U = -1.403, p = 0.161). Most of the obese (92.3%) and all non-obese (100%) had positive 16SrRNA DNA with no statistically significant difference between the two groups. (c 2 = 0.33, p = = 1.0). This finding supports the idea that obesity was not a major cause of the differences.
Correlation of LBP with various clinical and laboratory parameters
Circulating plasma LBP level was significantly and positively correlated with BMI (r = 0.342, p = 0.008), waist circumference (r = 0.361, p = 0.005), total cholesterol level (r = 0.470, p < 0.001), LDL-C (r = = 0.518, p < 0.001), fasting glucose level (r = 0.343, p = 0.007), HbA 1c (r = 0.269, p < 0.037), CRP (r = 0.585, p < 0.001), and ACR (r = 0.320, p < 0.013). On the other hand, there was a statistically significant negative correlation between LBP level and GFR (r = -0.289, p = 0.025) ( Table 2) . Table 3 shows that the model is highly significant with p value < 0.001, 45% of the variability in LBP level could be explained by this model (R 2 = 0.451). CRP was the only variable which is independently and positively associated with plasma LBP levels (p = 0.001). The higher the CRP level the higher the LBP; one mg/L increase in CRP will increase the LBP by 0.215 µg/mL holding the other predictors constant ( Table 3 ). 
The diagnostic value of LBP for prediction of glycemic control, and diabetic kidney disease
Relation of DNA translocation and various clinical and laboratory parameters in diabetics and control subjects
Comparison of different study parameters between subjects with positive and negative circulating 16SrRNA DNA (whether diabetics or controls) was performed. The mean BMI values in diabetic patients who had circulating DNA (34.68 ± 4.48 kg/m 2 ), was significantly higher than among controls (29.69 ± 3.27 kg/m 2 ) (p ≤ 0.001). Similarly, the waist circumference's mean in diabetic patients who had circulating DNA (116.43 ± ± 5.36 cm) was significantly higher than in the other groups (p = 0.003).
Regarding the lipid profile, it was found that the mean values of triglycerides (181.32 ± 73.69 mg/dL), cholesterol (216.04 ± 24.92 mg/dL), LDL-C levels (137.14 ± 19.6 mg/dL), in diabetic patients with circulating DNA, were significantly higher than in the other groups (p = 0.007; p ≤ 0.001; p ≤ 0.001 respectively). Moreover, HDL-C mean (42.32 ± 7.67 mg/dL) was significantly lower in diabetics who had circulating DNA (p = 0.001).
In addition, diabetic patients with positive circulating DNA had significantly higher mean levels of fasting blood glucose (234.43 ± 117.76 mg/dL), HOMA-IR score (8.04 ± 4.72), HbA 1c (9.69 ± 2.27%) than diabetics or controls with negative DNA translocation (p ≤ 0.001, p = 0.008, p ≤ 0.001 respectively).
The mean white blood cells count was the highest in diabetic patients with DNA translocation, while the mean serum albumin was the least in the same group. These differences were statistically significant (p ≤ 0.001). On the other hand, hemoglobin level, platelets count, ALT, and AST did not differ significantly between different groups.
The mean levels of urea (1.68 ± 0.54 mg/dL), creatinine (112.14 ± 44.72 mg/dL), albumin/creatinine ratio (1556.88 ± 1967.5 µg/mg) were significantly higher in diabetic patients with circulating DNA when compared to control subjects with circulating DNA, or subjects who had no circulating DNA whether diabetics or non-diabetics (p ≤ 0.001). Also, the mean GFR in diabetic patients who had circulating DNA was significantly lower than in subjects who had no DNA whether diabetics or not (p ≤ 0.001).
Comparing the inflammatory markers between the four groups, revealed that the ESR (59.32 ± 33.32 mm/hr) as well as the CRP (31.93 ± 23.66 mg/L) mean levels in diabetics with circulating DNA were significantly higher than in the subjects with negative DNA translocation (p ≤ 0.001).
Although, the mean level of LBP was higher in diabetic patients (19.41 ± 13.14 µg/mL) who had circulating DNA compared to controls (14.03 ± 2.19 µg/mL) with circulating DNA, or diabetics and controls who had no DNA (17.09 ± 1.36 µg/mL, 12.87 ± 2.24 µg/mL respectively), these differences were not statistically significant (p = 0.067).
Discussion
To our knowledge, this study is the first to examine the effect of endotoxemia and bacterial translocations on glycemic control or progression of diabetic kidney disease in an Egyptian population having T2DM.
The results of the anthropometric and laboratory parameters of the diabetic patients in the present study were similar to data obtained from previous studies [18] [19] [20] . Although several studies have investigated the association of LBP and other translocation markers with T2DM [8] [9] [10] [11] , few studies have focused on the association of LBP or DNA translocation and the progression of diabetes in type 2 diabetic patients. observed between serum LBP levels and the incidence of T2DM in the 5-year follow-up. They concluded that LBP on its own might not improve diabetes prediction [21] .
In the current work, LBP was statistically significantly positively correlated with BMI and waist circumference in diabetic patients. It was also positively correlated with blood sugar level, HbA 1c , total cholesterol, LDL-C, ACR and CRP. However, LBP was negatively correlated with GFR. Similarly, Kim et al., assessed LBP as a biomarker of obesity-related insulin resistance in adolescents, the results of their study showed LBP levels were significantly and positively associated with BMI [22] . Furthermore, circulating plasma LBP levels were significantly and positively associated with BMI, systolic blood pressure, aspartate aminotransferase, alanine aminotransferase, total cholesterol, LDL-C, fasting glucose and insulin, and insulin resistance in the study of Moreno-Navarrete et al. [9] . Serum LBP levels were also positively correlated with the parameters of obesity, insulin resistance, and inflammation in diabetic subjects as mentioned in a previous Japanese study [23] . In a prospective observational study involving 49 obese subjects undergoing bariatric surgery and 17 controls, plasma LPS was positively correlated with cardiometabolic risk factors, including triglycerides, systolic blood pressure, and BMI and was negatively correlated with HDL cholesterol [24] . Kim et al., found that plasma LBP levels were significantly and positively correlated with liver enzyme levels, a marker of liver damage and liver involvement in systemic inflammatory disease [22] . This observation was not encountered in our study where the LBP levels were not correlated with liver enzymes. In the present study, the mean LBP level of the cases was significantly higher than that of the control group (p = 0.02). This was in agreement with a previous study, which examined the associations between intestinal permeability and T2DM, LBP was significantly higher in type 2 diabetic patients in comparison with normal individuals [19] . Similarly, Gubern et al., verified higher LBP concentration in T2DM patients and subjects with impaired glucose tolerance compared with non-diabetic subjects [20] . Also, Moreno-Navarrete et al., found that type 2 diabetic patients have higher levels of LBP than controls [9] . On the other hand, Zhou et al., conducted a 5-year nested case-control study on 3510 individuals from the Chinese population. Based on the results of their study, there was no significant difference in LBP levels at baseline between T2DM subjects and controls when matched for age, gender, and BMI. In addition, no association was Our results demonstrated that CRP was the only variable which is independently and positively associated with plasma LBP levels (p = 0.001). The higher the CRP level the higher the LBP concentrations. Interestingly, Sun et al., observed a stronger correlation between LBP and inflammatory markers after adjustment for BMI. Moreover, adjusting for hs-CRP and IL-6 almost eliminated the associations of LBP with metabolic syndrome and most of its traits. The explaining mechanism is that LBP triggered an immune response involving formation of interleukins and upregulation of CRP synthesis in the liver [10] .
After analyzing ROC curves in the current study, using LBP with a cut off of 15.17 µg/mL succeeded to predict both glycemic control and diabetic kidney disease in T2DM patients. This finding could help to predict complications in T2DM patients in our Egyptian population.
Amar et al., reported previously that bacterial 16S rRNA gene blood concentration could predict the onset of diabetes, reporting for the first time the clinical importance of bacterial translocation in the development of T2DM [25] . 16SrRNA is a highly conserved region of bacterial DNA, found in all bacteria; thus by its detection by PCR, all translocated bacteria could be theoretically detected [26] . Ortiz et al., studied DNA translocation in a group of morbidly obese patients candidate for bariatric surgery, they found that inflammatory markers, endotoxin levels, and insulin resistance remained high in patients with bacterial DNA despite weight reduction and were individually affected by the presence or absence of bacterial DNA translocation. They demonstrated increased serum levels of endotoxin in patients with bacterial DNA compared to those without DNA. Moreover, they proved that DNA fragments correspond to commensal gut flora and coincide with elevated serum endotoxin levels in those patients [27] . Similarly, Sato et al., found that gut bacteria were detected in blood at a significantly higher rate in diabetic patients than in control subjects, and most of these bacteria were Gram-positive anaerobic bacteria [17] . The findings of the previous studies support our results that bacterial translocation to the blood might play important roles in chronic low-grade inflammation in T2DM and could explain the negative PCR results of glutamine synthase gene of Bacteroides fragilis, or b-galactosidase gene of E. coli.
To further evaluate the role of bacterial translocation on the glycemic control, A French study demonstrated that translocation of commensal bacteria from intestine towards tissue can be reversed with the probiotic strain Bifidobacterium Lactis, which proved to improve the epithelial cell gut barrier, thus reducing bacterial translocation and its consequences on inflammation and insulin sensitivity [28] .
While some data on translocation markers and their relationship to chronic inflammation is available for chronic kidney disease patients [29] , very little is known about this relationship in T2DM patients. The study conducted by Nymark et al., showed that high serum LPS activity contributes to the development of microalbuminuria and diabetic nephropathy in Finnish patients with type 1 diabetes [11] . Disturbance of gut flora and consequently bacterial translocation and increased inflammatory state, lead to progression of diabetic nephropathy, which might be attributed to the gut-kidney axis in which local renin-angiotensin system is possibly involved [30] .
Our study has some limitations. Dietary data and treatment data (insulin, or antidiabetis) were limited. Both could affect gut bacteria and LBP levels as well as DNA translocation. Additionally, we only assessed plasma LBP and not LPS levels. Moreover, the PCR method used in the study simply demonstrates the presence of bacterial DNA, does not specify type of bacteria, and does not differentiate between dead or living microorganisms.
Conclusions
In conclusion, our study demonstrated that bacterial translocation markers are present at increased levels in patients with T2DM, and are positively correlated with glycemic control, renal and inflammatory markers. They might then trigger diabetes related complications as diabetic kidney disease.
Future research should focus on interventional protocols to investigate whether manipulation of gut microbiota by dietary interventions or by the administration of probiotics could reduce the rate of bacterial translocation. This might decrease systemic inflammatory response and eventually ameliorate glycemic control, and decrease the risk of progression of diabetic kidney disease.
